Abstract: Yolk sac tumor (YST) is a common malignant primitive germ cell tumor that often exhibits differentiation into endodermal structures. They most commonly occur in childhood and adolescence and are rare after the age of 40 years. Derived from the yolk sac during the embryonic period, YSTs can occur in the gonads and germ cells because the tumor cells migrate from the yolk sac toward the gonads. Here, we present a rare case of primary gluteus YST in a 3-year-old girl. She received BEP chemotherapy (bleomycin + etoposide + cisplatin) after surgical resection. There was no evidence of recurrence 7 months after primary treatment.
Background
Yolk sac tumors (YSTs) are believed to originate from a selective differentiation of the yolk sac structure by an undifferentiated or multipotential embryonal carcinoma. YSTs are most common in the gonads (ovaries and testicles), and only 10%-15% of cases are extragonadal, occurring in the median line of the human body (such as the presacral and sacrococcygeal region, mediastinum, intracranial region [mostly pineal], vagina, corpus uteri, prostate glands, presacral region, retroperitoneum, liver, fundus of the stomach, orbit, face, and umbilical region of the abdominal wall). 1 However, YSTs that present in the subdermal soft tissue of the gluteus are rarely reported in the literature. We describe an unusual case of an extragonadal primary YST in the gluteus and review the literature.
Case presentation
A 3-year-old Asian girl was brought to the hospital with a history of an aggravating claudication that first appeared 2 months previously. Physical examination revealed that the skin color of the left gluteus was normal. A solid, tender mass, ~7×3 cm in size, was palpated in the deep gluteal region. It was associated with radiating pain to the left lower limb when the mass was pressed. On palpation, there was no fluctuation and little mobility of the mass.
Magnetic resonance imaging showed a mass with strong T1 and T2 signals in the left inferior intermuscular plane of the gluteus maximus muscle. The mass was ~7.4×2.4 cm and had a markedly heterogeneous hyperintense signal intensity on T2-weighted imaging, with a low signal linear lace and high signal in the sac variable region ( Figure 1A) . The mass showed a low signal intensity and local cystic degeneration on T1-weighted imaging ( Figure 1B ). An enhanced scan showed that the solid component of the mass showed diffuse enhancement and the cystic component demonstrated no enhancement (Figure 1C and D) .
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The typical sites of YSTs, such as the vulva, corpus uteri, coccyx, and ovaries, were not involved. The femoral heads, articular surfaces, and joint spaces on both sides did not show any abnormalities. Three-dimensional color Doppler ultrasonography showed multiple enlarged retroperitoneal lymph nodes with apparently clearly defined margins; the maximum diameter was 1.2 cm. The liver, spleen, uterus, and adnexa showed normal signals. Computed tomography findings of the lungs and mediastinum were normal. Serum levels of alpha-fetoprotein (AFP) were significantly increased to 1,238 µg/L. The levels of other markers such as β-human chorionic gonadotropin, serum lactate dehydrogenase, carbohydrate antigen 125, and carcinoembryonic antigen were within normal limits.
During the operation, the deep fascia was incised longitudinally; then, we made an incision along the gluteus maximus to expose the deep mass, which was ~7×4×3 cm in size, yellow, soft, and smooth with a clear border. The tumor was located in the epineurium and adhered tightly to the sciatic nerve. The tumor was totally excised.
The tumor had negative margins on both gross and microscopic findings. The patient had no recurrence 7 months after the surgical treatment, with two cycles of BEP chemotherapy (bleomycin 15 U/m 2 on day 1 + etoposide 167 mg/m 2 on days 1-3 + cisplatin 33.3 mg/m 2 on days 1-3) given every 3 weeks.
Materials and methods
The resected specimen was fixed in 10% buffered formalin and embedded in paraffin; 4 µm thick sections were cut from the paraffin block and stained with hematoxylin and eosin. Immunohistochemical staining was performed by using the streptavidin-peroxidase procedure (SP kit, MaiXin Inc, Fuzhou, People's Republic of China) according to the instructions of the manufacturer. Positive and negative controls were included to evaluate the procedure.
Pathologic findings
Histologically, the tumor was composed of a loose network of flat to cuboid cells forming microcystic structures ( Figure 2A ). Occasional rosettes were also seen ( Figure 2B ). A few pink, hyaline droplets were seen adjacent to the tumor cells. Nuclear atypia is obviously in nuclear enlargement, and the tumor cells have a significant mitotic activity (~5 mitoses/10 high-power fields, Figure 2C ).
Immunohistochemical findings
Immunohistochemistry was performed in this case demonstrating that the tumor cells were nega tive for epithelial membrane antigen ( Figure 2D ), S-100, myogenin, desmin, human placental alkaline phosphatase, actin (SMA), CD99, CD34, CD31, caudal-related homeobox transcription factor 2, glial fibrillary acidic protein, CD117, CD68, GATA-binding protein 3, octamer-binding transcription factor 3/4, and positive for pan-cytokeratin ( Figure 2E ), glypican-3, AFP ( Figure 2F ), and sal-like protein 4 ( Figure 2G ), which is consistent with the diagno sis of YST. Immunohistochemistry was positive for local expression of vimentin, synaptophysin, and CD30, The Ki-67 labeling index was ~60% ( Figure 2H ).
Discussion
At present, the etiology of YSTs remains controversial. Most experts consider that YSTs may derive from the false migration of embryonic primitive pluripotent germ cells or oncogenesis of the residual cells when they migrate from the genital ridge of the yolk sac endoderm. 2 A few studies have shown that extragonadal YSTs express some embryonic stem 
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Extragonadal YSTs display remarkable differences in location of occurrence depending on the age of the child. For example, sacrococcygeal YSTs often occur in very young children. Vaginal YSTs occur in very young girls, commonly 
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Both extragonadal YSTs and YSTs of reproductive organs display a wide range of histological patterns. The most common patterns are microcystic, solid, glandular, and endodermal sinus (Schiller-Duval bodies); some less common patterns such as myxomatous, hepatoid, papillary, and sarcomatoid have also been observed. 4 Several histological features are often seen in combination in the same tumor. The current case demonstrated predominantly microcystic, glandularalveolar, and myxomatous patterns. Some areas contained small aggregates and microcysts within the myxomatous stroma. The tumor cells were flat and pleomorphic, with a predominantly clear cytoplasm with subnuclear vacuoles and large hyperchromatic nuclei. Increased mitotic figures were noted. In some areas, intracytoplasmic and extracellular hyaline globules were identified within the lesion.
Perivascular formation recapitulating endodermal sinuses (Schiller-Duval bodies), which are virtually diagnostic of YSTs, are present in only 30% of cases and were not identified in this case. Immunohistochemical staining for AFP, glypican-3, and sal-like protein 4 can usually help to confirm the diagnosis of YST. AFP and glypican-3 are specific markers for yolk sac differentiation during the embryonic stage into liver and digestive tract, respectively; they are also considered to be sensitive and specific markers of YST. 5 Sal-like protein 4 is a zinc finger transcription factor that has been identified as a useful marker for the diagnosis of extratesticular germ cell tumors (GCTs). 6, 7 A recent study found that the zinc finger and BTB domain containing 16 (ZBTB16) is a novel, highly sensitive, and specific marker for distinguishing YSTs from other nonyolk sac GCTs. 8 YSTs are not immunoreactive for epithelial membrane antigen and CK7 in contrast to endometrioid adenocarcinoma and other surface epithelial tumors of the ovary. DNA ploidy studies have shown that YSTs are almost invariably aneuploid. 9 Patients with stage I YST only require follow-up measurement of serum AFP and β-human chorionic gonadotropin levels after initial surgery. The standard BEP chemotherapy regimen after resection is the preferred approach for intermediate-risk patients with YST. 10 The use of radiotherapy for YST remains poorly defined. A study showed that the addition of radiotherapy to chemotherapy had no effect on improving survival.
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Almost all YST patients have an elevated serum AFP level and a negative serum human chorionic gonadotropin level. The serum AFP level is used to track and assess the therapeutic effect and detect clinical recurrence. 12 In this case, the serum AFP levels returned to within the normal range after chemotherapy. At present, YST patients lack a specific targeted drug. Some studies suggest that the programmed death-1 (PD-1)/programmed death ligand-1 (PD-L1) pathway may be a novel therapeutic target in GCTs, but it requires further clinical study. 13 Although YSTs are clinically aggressive, the 5-year overall survival rates are generally excellent because it is sensitive to chemotherapy. However, hepatoid differentiation of YST indicates a poor prognosis.
14 Recently, a retrospective study of 519 patients with GCTs showed that the tumor site, age $11 years, and stage IV disease were significant predictors of poor survival. Elevated serum levels of AFP $10,000 ng/mL was associated with a worse outcome, while pure YST was associated with better outcomes. 15 However, extragonadal YSTs are considered to have a poor prognosis. 16 
Conclusion
We describe a rare case of YST in the gluteus. Extragonadal YST tends to be ignored because of the lack of abnormalities in the gonads, but it should be considered when patients have characteristic histopathological changes and elevation of serum AFP levels.
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